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HEAT DISSIPATION MATERIAL AND
METHOD OF MANUFACTURING THEREOF,
AND ELECTRONIC DEVICE AND METHOD

OF MANUFACTURING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of application Ser. No.
14/166,109, filed Jan. 28, 2014, which 1s a continuation
application of International Application PCT/JP2011/
071864 filed on Sep. 26, 2011 and designated the U.S., the
entire contents of which are incorporated herein by refer-
ence.

FIELD

The disclosures herein generally relate to a heat dissipa-
tion material including a linearly-structured object made of
carbon atoms and a method of manufacturing thereot, and an
clectronic device and a method of manufacturing thereof.

BACKGROUND

Electronic devices used 1n servers, CPUs (Central Pro-
cessing Units) in personal computers, and the like are
required to elliciently dissipate heat that 1s generated by
semiconductor devices. Theretfore, such an electronic device
may have a structure having a heat spreader attached imme-
diately above the semiconductor device that 1s made of a
material having high thermal conductivity such as copper.

In this case, as the surfaces of a heat generation source and
a heat spreader have fine concavities and convexities, a
suilicient contact area cannot be obtained even when having
the interface surface works as a great thermal resistance,
which hinders eflicient heat dissipation. Therefore, 1t 1s
practiced 1n which a heat generation source and a heat
spreader are connected with each other via a thermal inter-
tace material (TIM) where the objective 1s to reduce the
contact thermal resistance.

To achieve the objective, such a thermal interface material
1s 1tsell required to be a material having high thermal
conductivity, and to have a characteristic that makes 1t
possible to make contact with a large area with respect to the
fine concavities and convexities on the surfaces of a heat
generation source and a heat spreader.

Conventionally, a heat dissipation grease, a phase-change
material (PCM), indium, or the like 1s used as such a thermal
interface material. One of the major features of these mate-
rials used as a heat dissipation material 1s that 1t 1s possible
with these materials to obtain a large contact area regardless
ol the fine concavities and convexities because these mate-
rials have high fluidity at an operating temperature limit of
an electronic device or below.

However, such a heat dissipation grease or a phase-
change matenal has low thermal conductivity of 1 W/m-K to
5 W/m-K. Also, indium 1s a rare metal whose price has been
rising due to a great increase of demand related to ITO,
hence inexpensive alternative materials have been antici-
pated.

With the background as such, a linearly-structured object
made of carbon atoms represented by a carbon nanotube
attracts attention as a heat dissipation material. A carbon
nanotube 1s a material not only having a very high thermal

conductivity (1500 W/m'K to 3000 W/m-K) 1 1ts axial
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2

direction, but also superior flexibility and heat resistance,
which 1s considered to have a high potential as a heat
dissipation material.

Thermally-conductive sheets using carbon nanotubes
have been proposed including a thermally-conductive sheet
having carbon nanotubes dispersed in resin, a thermally-
conductive sheet having a bundle of carbon nanotubes
contained with resin where the carbon nanotubes are made
by oriented growth, and the like.

RELATED-ART DOCUMENTS

Patent Documents

[Patent Document 1] Japanese Laid-open Patent Publica-
tion No. 2009-260238

[ Patent Document 2] Japanese Laid-open Patent Publica-
tion No. 2010-1774035

However, conventional thermally-conductive sheets using
carbon nanotubes cannot fully utilize high thermal conduc-
tivity of carbon nanotubes.

SUMMARY

According to at least one embodiment of the present
invention, a heat dissipation material includes a plurality of
linearly-structured objects of carbon atoms configured to
include a first terminal part and a second terminal part; a first
diamond-like carbon layer configured to cover the first
terminal part of each of the plurality of linearly-structured
objects; and a filler layer configured to be permeated
between the plurality of linearly-structured objects.

The object and advantages of the embodiment will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims. It 1s to be
understood that both the foregoing general description and
the following detailled description are exemplary and
explanatory and are not restrictive of the invention as
claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a plan view 1illustrating a structure of a heat
dissipation material according to a first embodiment;

FIGS. 2A-2C are schematic views illustrating an efect of
a coating film of DLC;

FIGS. 3A-3D are first process cross-sectional views 1llus-
trating a method of manufacturing a heat dissipation mate-
rial according to the first embodiment;

FIGS. 4A-4C are second process cross-sectional views
illustrating a method of manufacturing a heat dissipation
material according to the first embodiment;

FIG. § 1s a first perspective view illustrating a method of
manufacturing a heat dissipation material according to the
first embodiment;

FIG. 6 1s a second perspective view 1llustrating a method
of manufacturing a heat dissipation material according to the
first embodiment;

FIG. 7 1s a third perspective view illustrating a method of
manufacturing a heat dissipation material according to the
first embodiment;

FIG. 8 1s a plan view 1illustrating a structure of a heat
dissipation material according to a second embodiment;

FIGS. 9A-9C are {irst process cross-sectional views 1llus-
trating a method of manufacturing a heat dissipation mate-
rial according to the second embodiment;
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FIGS. 10A-10C are second process cross-sectional views
illustrating a method of manufacturing a heat dissipation

material according to the second embodiment;

FIG. 11 1s a plan view illustrating a structure of a heat
dissipation material according to a third embodiment;

FIGS. 12A-12D are process cross-sectional views illus-
trating a method of manufacturing a heat dissipation mate-
rial according to the third embodiment;

FIG. 13 1s a plan view illustrating a structure of a heat
dissipation material according to a fourth embodiment;

FIGS. 14A-14D are process cross-sectional views 1llus-
trating a method of manufacturing a heat dissipation mate-
rial according to the fourth embodiment;

FIG. 15 1s a plan view illustrating a structure of
clectronic device according to a fifth embodiment; and

FIGS. 16A-16D are process cross-sectional views illus-
trating a method of manufacturing an electronic device
according to the fifth embodiment.

dIl

DESCRIPTION OF EMBODIMENTS

First Embodiment

A heat dissipation material and 1ts manufacturing method
will be described according to the first embodiment using,
FIGS. 1-7.

FIG. 1 1s a general cross-sectional view illustrating a
structure of a heat dissipation material according to the
present embodiment. FIGS. 2A-2C are schematic views
illustrating an eflect of a coating film of DLC. FIGS. 3A-3D
and 4A-4C are process cross-sectional views illustrating
methods of manufacturing a heat dissipation material
according to the present embodiment. FIGS. 5-7 are per-
spective views 1llustrating methods of manufacturing a heat
dissipation material according to the present embodiment.

First, the structure of the heat dissipation material 22 wall
be described according to the first embodiment using FI1G. 1.

The heat dissipation material 22 includes multiple carbon
nanotubes 14 as illustrated 1n FIG. 1 according to the present
embodiment. At one terminal part of each of the multiple
carbon nanotubes 14, a coating film 16 of diamond-like
carbon 1s formed. Gaps between the carbon nanotubes 14
having coating films 16 formed are filled with a filler layer
20. These elements form the sheet-shaped heat dissipation
material 22.

The multiple carbon nanotubes 14 are oriented 1n the film
thickness direction, namely 1n a direction crossing the sur-
taces of the sheet, and placed having intervals between each
other.

The carbon nanotube 14 may be either of a single-layer
carbon nanotube or a multi-layer carbon nanotube. The area
density of the carbon nanotube 14 1s not specifically limited,
but it is desirable to have greater than 1x10'° tubes/cm” from
the viewpoints of heat radiation and electric conductivity.

The length of the carbon nanotube 14 1s not specifically
limited, but it may be preferably set to a value of 5 um to 500
um. If using the heat dissipation material 22 according to the
present embodiment as a thermal interface material formed
between a heat generation source (for example, an IC chip)
and a heat dissipation part (for example, a heat spreader), 1t
1s desirable to have a length suflicient for filling concavities
and convexities on the surface of the heat generation source
and heat dissipation part or a longer length.

The coating film 16 1s formed of diamond-like carbon
(called “DLC”, hereatter). DLC 1s a carbon material having
an intermediate crystal structure between diamond and
graphite. DLC 1s an amorphous material that includes car-

10

15

20

25

30

35

40

45

50

55

60

65

4

bon as the principal element and a bit of hydrogen 1n which
both diamond bonds (SP3 bond) and graphite bonds (SP2
bond) coexist. Also, DLC has a low Iriction coeflicient, an
anti-cohesion property, and heat conductivity as high as that
of graphite.

DLC and a carbon nanotube are allotropes to each other
and have an aflinity to each other. Also, DLC has mainly an
amorphous structure partially with a graphite structure,
which 1s a substance in which n electrons exist. On the other
hand, a carbon nanotube 1s a cylindrically-shaped structured
object of graphene as a basic structured object of graphite,
in which n electrons exist. Therefore, a carbon nanotube and
DLC are bonded together more tightly by sp2 m-m interac-
tion. Therefore, the bond between the carbon nanotube 14
and the coating film 16 of DLC 1s strong, which makes
contact thermal resistance between the carbon nanotube 14
and the coating film 16 of DLC very small.

The coating film 14 may be formed at each of the terminal
parts at one end of each of the multiple carbon nanotubes 12
independently, or may be formed so that the adjacent coating
films 16 are connected with each other when formed on the
carbon nanotubes 12.

By providing the coating films 16, the contact area can be
increased where a heat dissipation material such as a heating
clement, a heat dissipation element, or the like makes a
junction with an adherend, and contact thermal resistance
can be reduced. The thermal conductivity of DLC 1s about
1000 [W/m-K], which 1s as high as that of graphite, whereas
an increase of thermal resistance 1s very small when the
coating {ilm 16 1s formed.

Also, 1f the DLC layer 1s formed so that the coating films
16 are connected with each other that are formed at the
terminal parts of the carbon nanotubes 14, heat from a
heating element can be spread in the lateral direction by the
coating films 16 to increase the number of carbon nanotubes
14 that contribute to thermal conduction. Also, 1f there 1s a
variation of lengths of the carbon nanotubes 14 that prevents
a part of the carbon nanotubes 14 from contacting the heat
clement, 1t 1s possible to make the part of the carbon
nanotubes 14 contribute to heat dissipation with thermal
conduction 1n the lateral direction via the coating films 16.
In this way, the heat dissipation efliciency of the heat
dissipation material 22 can be improved.

For example, as illustrated in FIG. 2, suppose a case
where there 1s a heat dissipation material 22 including
multiple carbon nanotubes 14 between a heat dissipation
clement 30 such as a heat spreader, and a heating element 40
such as an S1 chip. In addition, assume that a heat generation
source 42 of the heating element 40 resides 1n a certain part
of the heating element 40 and the thermal conduction of the
heating element 1n the lateral direction 1s small.

If coating films 16 are not formed at the terminal parts of
the carbon nanotubes 14, only the carbon nanotube 14
immediately below the heat generation source 42 heating
clement 40 mainly contributes as a heat dissipation path 32
from the heat generation source 42 to the heat dissipation
clement 30 (see FIG. 2A). Heat from the heat generation
source 42 1s transferred to the heat dissipation element 30 via
the carbon nanotube 14 immediately below the heat genera-
tion source 42 to be dissipated.

On the other hand, 11 coating films 16 are formed at the
terminal parts of the carbon nanotubes 14, heat from the heat
generation source 42 1s first spread in the lateral direction by
the coating films 16, then transierred to the heat dissipation
element 30 via the carbon nanotubes 14. Therefore, the
number of the carbon nanotubes 14 contributing as heat
dissipation paths 32 increases, which leads to a higher heat
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dissipation efliciency from the heating element 40 to the heat
dissipation element 30 (see FIG. 2B).

If the coating films 16 of DLC are formed that have higher
thermal conductivity, heat from the heat generation source
42 can be spread more 1n the lateral direction by the coating
films 16, which can further increase the number of the
carbon nanotubes 14 contributing as heat dissipation paths
32. In thus way, the heat dissipation ethiciency from the
heating element 40 to the heat dissipation element 30 can be
turther improved (see FIG. 2C).

For example, comparing a case where coating films 16 are
formed of copper (the thermal conductivity 1s about 400
| W/m-K]) with a case where the coating films 16 are formed
of DLC (the thermal conductivity 1s about 1000 [ W/m-K]),
the eflective contact area can be made about 2.5 times
greater with DLC.

If the coating films 16 are formed with a metal material,
contact thermal resistance 1s greater because the junction
between the carbon nanotube and the metal 1s physical
adsorption. Also, as metal tends to aggregate and 1s difhicult
to form a film, 1t 1s difhicult to have the terminal parts of the
adjacent carbon nanotubes 14 connect together in the lateral
direction with coating films made of metal. This point of
view also justifies to reduce contact thermal resistance and
to 1improve thermal conductivity 1n the lateral direction by
forming the coating films 16 with DLC, which 1s better than
a case where the coating film 1s formed with metal.

It 1s noted that graphite 1s an electrically-conductive
material having the electrical resistivity of about 10~ Q-cm,
whereas DLC 1s an msulating material having the electrical
resistivity of 10° Qcm to 10™* Q-cm. The heat dissipation
material 22 having the coating films of DLC 16 i1s an
insulating material that conducts heat but does not conduct
clectricity.

Also, parts where the coating films of DLC 16 are formed
have a low Iriction coellicient that makes a filler material to
be more water-repellent than in the other parts, which has an
ellect to reduce resin residual on the coating films 16. This
makes 1t possible to reduce resin residual considerably
between the heating element or heat dissipation element and
the coating films 16 that may remain when attaching the heat
dissipation material 22 to the heating element and heat
dissipation element, and to improve contact thermal resis-
tance.

The filler layer 20 may be made of a material with no
specific restrictions as long as 1t can be filled between the
carbon nanotubes 14, for example, a resin material such as
a silicone resin, an epoxy resin, an acrylic resin, or a metal
material such as silver paste. Among these, a thermoplastic
resin 1s preferable as a filler material. A thermoplastic resin
reversibly changes 1ts phase between liquid state and solid
state depending on temperature. It 1s desirable to use a
thermoplastic resin that 1s 1n a solid-state at room tempera-
ture, changes into liquid state when applied to heat, and
returns back to a solid-state when cooled down while
exhibiting adherence.

A thermoplastic resin that forms the filler layer 20 can be
selected based on the melting temperature of the thermo-
plastic resin by considering a heat generation temperature or
the like of an electronic device to which the heat dissipation
material 22 1n the present embodiment 1s applied. It 1s
desirable that the lower limit value of the melting tempera-
ture of a thermoplastic resin 1s higher than the upper limit
value of a heat generation temperature during operation.
This 1s because there 1s a risk in that if the thermoplastic
resin melts during operation, the heat dissipation material 22
deforms, which impairs the orientation of the carbon nano-

10

15

20

25

30

35

40

45

50

55

60

65

6

tubes 14, and the heat conductivity 1s lowered. It 1s desirable
that the upper limit value of the melting temperature of the
thermoplastic resin 1s lower than the lower limit value of
temperature range ol the heating element and the heat
dissipation element. This 1s because it 1s desirable to apply
reflow to the filler layer 20 and the heat dissipation material
22 after contacting the heat element, and 1t 1s dificult to
apply reflow without damaging the heating element and/or
the heat dissipation element 11 the melting temperature of the
thermoplastic resin 1s higher than the limit temperature.

For example, 11 the heat dissipation material 22 according
to the present embodiment 1s applied to an electronic device
such as a CPU 1for heat dissipation, and assuming that the
upper limit heat generation temperature of the CPU 1s about
125° C. and the limit temperature of the electronic device
including the CPU 1s about 2350° C., then it 1s preferable to
use the thermoplastic resin whose melting temperature 1s
125° C. to 250° C.

Also, 1n the filler layer 20, an additive may be dispersed
and mixed 11 necessary. As an additive, one may consider a
material having high thermal conductivity. By dispersing
and mixing an additive having thermal conductivity into the
filler layer 20, the thermal conductivity of the filler layer 20
can be improved, which also improves the thermal conduc-
tivity of the heat dissipation material 22 as a whole. As a
material having high thermal conductivity, it 1s possible to
use a carbon nanotube, a metal material, aluminum nitride,
silica, alumina, graphite, fullerene, or the like.

Next, a method of manufacturing the heat dissipation
material will be described according to the present embodi-
ment using FIGS. 3-7.

First, a substrate 10 1s provided as a basis for growing
carbon nanotubes 14 (FIG. 3A). The substrate 10 does not
have any specific restrictions, but it 1s possible to use, for
example, a semiconductor substrate such as a silicon sub-
strate, an 1nsulating substrate such as an alumina (sapphire)
substrate, an MgO substrate, a glass substrate, or a metal
substrate as the substrate 10. Also, the substrate 10 may have
a thin film formed on it. For example, it 1s possible to use a
s1licon substrate that has a silicon dioxide film formed with
the film thickness of about 300 nm.

The substrate 10 1s to be delaminated after growth of the
carbon nanotubes 14. Considering this objective, 1t 1s desir-
able that the substrate 10 does not change 1ts properties at a
growth temperature of the carbon nanotubes 14. Also, it 1s
desirable that at least a surface contacting the carbon nano-
tubes 14 1s formed with a material that can be easily
delaminated from the carbon nanotubes 14. Alternatively,
the substrate 10 may be formed with a material that can be
selectively etched at least on regions contacting the carbon
nanotubes 14.

Next, on the substrate 10, an Fe (1iron) film with the film
thickness of, for example, 2.5 nm 1s formed with, for
example, sputtering to form an Fe catalyst metal film 12
(FIG. 3B). Here, the catalyst metal film 12 1s not necessarily
formed on the whole surface of the substrate 10, but may be
selectively formed on predetermined regions of the substrate
10 using, for example, a liftofl process.

As a catalyst metal other than Fe, Co (cobalt), N1 (nickel),
Au (gold), Ag (silver), Pt (platinum), or an alloy including
at least one of these materials may be used. Also, as a
catalyst other than a metal film, metal fine particles may be
used that are produced using a diflerential mobaility analyzer
(DMA) or the like to control their size 1n advance. In this
case, the same metals as for the thin film can be used.

Also, as the base film of these catalyst metals, a film may
be formed that 1s made of Mo (molybdenum), T1 (titanium),
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Hi (hatnium), Zr (zirconium), Nb (niobium), V (vanadium),
TaN (tantalum nitride), T1S1, (titanium silicide), Al (alumi-
num), Al,O; (aluminum oxide), TiO_ (titammum oxide), Ta
(tantalum), W (tungsten), Cu (copper), Au (gold), Pt (plati-
num), Pd (palladium), TiN (titanium nitride) or the like, or
an alloy including at least one of these materials. For
example, a stack structure of Fe (2.5 nm)/Al (10 nm), a stack
structure of Co (2.6 nm )/TiN (5 nm), or the like may be used.
I using metal fine particles, for example, a stack structure of
Co (average diameter of 3.8 nm)/TiN (5 nm) or the like may
be used.

Next, the carbon nanotubes 14 are grown on the substrate
10 using, for example, a hot filament CVD method and the
catalyst metal film 12 as a catalyst. The catalyst metal film
12 aggregates into catalyst metal fine particles 12a with heat
applied during growth. The carbon nanotubes 14 are grown
using the catalyst metal fine particles 12a as a catalyst.

Growth conditions of the carbon nanotubes 14 include
that, for example, mixed gas ol acetylene-argon (division
ratio 1:9) 1s used as raw material gas; the total gas pressure
in a film-forming chamber 1s set to 1 kPa; the hot filament
temperature 1s set to 1000° C.; and growth time 1s set to 20
minutes. Under these conditions, 1t 1s possible to grow
multi-layer carbon nanotubes that have three to six layers
(on the average, four layers), the diameter of 4 nm to 8 nm
(on the average, 6 nm), the length of 80 um (growth rate 1s
4 um/min). Here, the carbon nanotubes 14 may be formed
using another film forming method such as a thermal CVD
method or a remote plasma CVD method. Also, carbon
nanotubes to be grown may be single-layer carbon nano-
tubes. Also, as a raw carbon material other than acetylene,
hydrocarbons such as methane or ethylene, or alcohol such
as ethanol, methanol, or the like may be used.

The length of the carbon nanotubes 14 are not specifically
limited, but may be preferably set to 5 um to 500 um. To be
used as a thermal interface material, 1t 1s desirable to have
the length covering at least concavities and convexities on
the surfaces of the heat generation source and the heat
dissipation element.

In this way, multiple carbon nanotubes 14 are formed on
the substrate 10 oriented in the normal direction of the
substrate 10, namely, vertically oniented (FIG. 3C). Formed
under the above growth conditions, the area density of the
carbon nanotubes 14 is about 1x10'" tubes/cm®. This is
equivalent to an area formed with the carbon nanotubes 14
occupying 10% of the surface area of the substrate 10.

Here, although the carbon nanotubes 14 grown on the
substrate 10 grow by oriented growth 1n the normal direction
of the substrate 10 as a whole, the tips are not necessarily
directed 1n the normal direction of the substrate 10, which
reflects an 1nitial stage of growth where growth processes
occur in random directions, for example, as illustrated 1n
FIG. §.

Next, for example, using a plasma CVD method, DLC 1s
stacked with the film thickness of, for example, 100 nm, to
form coating films 16 of DLC at the upper terminal parts of
the carbon nanotubes 14 (FIG. 3D). The growth conditions
of DLC are set, for example, to use acetylene gas as raw
material gas, and to have the film forming temperature at
100° C. Here, when growing DLC, a catalyst 1s not required
which 1s required for growing a carbon nanotube or graphite.

A film forming method of DLC 1s not specifically limited.
Other than a plasma CVD method, a thermal CVD method,
sputtering, a laser ablation method, an ion beam method, or
the like may be used.

Here, 1f forming with a CVD method, a series of processes
from growth of the carbon nanotubes 14 to film forming of
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the coating films 16 may be applied consecutively in the
same device. If the growth of the carbon nanotubes 14 and
the film forming of the coating films 16 are performed
consecutively in the same device without exposure to the
atmosphere, 1t 15 possible to improve an interface charac-
teristic between the carbon nanotubes 14 and the coating
films 16. For example, the carbon nanotubes 14 are grown
by a thermal CVD device using the growth temperature of
650° C. and acetylene as raw material gas, then, the coating
films 16 of DLC are grown by the same thermal CVD device
using the film forming temperature of 200° C. and acetylene
as raw material gas.

The growth temperature of DLC 1s not specifically lim-
ited, but 1t 1s preferably set to a range between room
temperature and about 300° C. Also, a raw material of DLC
1s not specifically limited, but solid carbon, methane, ben-
zene, acetylene, or the like may be used.

DLC has a feature that 1t can be formed uniformly 1nto a
film having a complex form, hence it can be formed uni-
formly into films at the terminal parts of the carbon nano-
tubes 14. The coating films 16 are formed to cover the tips
of the carbon nanotubes 14, for example, at an 1nitial stage
of growth as illustrated 1n FIG. 6. With increased growth
film thickness, the coating films 16 formed at the tips of the
adjacent carbon nanotubes 14 come into contact with each
other. This makes the coating films 16 form so that the tips
of the multiple carbon nanotubes 14 are bundled together,
for example, as illustrated 1n FIG. 7. By further increasing
the growth film thickness of the coating films 16, the coating
films 16 are connected with each other 1n two-dimensional
directions parallel to the surface of the sheet to have a single
film shape.

It 1s desirable to set the film thickness of the coating films
16 appropriately depending on the diameter and area density
of the carbon nanotubes 14 while considering permeability
of a filler material for forming the filler layer 20 or the like.
From the viewpoint of connecting the carbon nanotubes 14
with each other, 1t 1s desirable to have a film thickness of the
coating films 16 1n a range of 10 nm to 500 nm.

Here, the coating films 16 do not necessarily need to be
formed to have a film thickness suilicient for connecting the
adjacent carbon nanotubes 14 with each other, but 1t has an
ellect of supporting the carbon nanotubes 14 by the coating
films 16. This can prevent the carbon nanotubes 14 from
being unbundled 1n a later process 1n which the filler layer
20 15 permeated into the carbon nanotubes 14. Also, heat can
be conducted in the lateral direction via the coating films 16.

Next, a filler material 1s filled into gaps between the
carbon nanotubes 14 whose terminal parts have the coating
films 16 of DLC coated, to form the filler layer 20.

The filler material 1s not specifically limited as long as it
can fill the gaps between the carbon nanotubes 14. Also, a
method of forming the filler layer 20 1s not specifically
limited. However, various advantages may be obtained 1f
using a thermoplastic resin, and 1n addition, having been
processed 1nto a film shape. Here, an example of a method
of forming the filler layer 20 will be described that uses a
film-shaped thermoplastic resin.

First, thermoplastic resin processed to have a film-shaped
form (thermoplastic resin film 18) 1s placed on the carbon
nanotubes 14 having the coating films 16 formed.

Thermoplastic resin used for the thermoplastic resin film
18 may be, for example, hot melt resin as follows. Poly-
amide-based hot melt resin 1includes, for example,
“Micromelt 6239 made by Henkel Japan Ltd. Also, poly-
ester-based hot melt resin includes, for example, “DH398B”
made by Nogawa Chemical Co., Ltd. Also, polyurethane-
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based hot melt resin includes, for example, “DH722B” made
by Nogawa Chemical Co., Ltd. Also, polyolefin-based hot
melt resin includes, for example, “EP-90” made by Mat-
sumura Oi1l Co., Ltd. Also, ethylene-copolymer-based hot
melt resin includes, for example, “DAS74B” made by
Nogawa Chemical Co., Ltd. Also, SBR-based hot melt resin
includes, for example, “M-6250” made by Yokohama Rub-
ber Co., Ltd. Also, EVA-based hot melt resin includes, for
example, “3747” made by Sumitomo 3M Limited. Also,
butyl-rubber-based hot melt resin includes, for example,
“M-6158" made by Yokohama Rubber Co., Lid.

Here, for example, a case will be described in which
“Micromelt 6239” made by Henkel Japan Ltd. 1s used that
has been processed to take a film-shaped form with the
thickness of 100 um to be used as the thermosetting resin
film 18. Here, “Micromelt 6239 1s a hot melt resin that has
a melting temperature of 135° C. to 145° C., and viscosity
in a melted state of 5.5 Pa-s to 8.5 Pa-s (225° C.).

Next, heat 1s applied to the substrate 10 having the
thermoplastic resin film 18 1n place at a temperature higher
than the melting temperature of the thermoplastic resin that
forms the thermoplastic resin film 18. If using the above
thermoplastic resin material, for example, heat 1s applied at
the temperature of 195° C. If necessary, pressure may be
applied to the thermoplastic resin film 18 from the top. This
makes the thermoplastic resin of the thermoplastic resin film
18 melt to permeate into gaps between the carbon nanotubes
14.

The depth of the permeation of the thermoplastic resin
film 18 into the gaps of the carbon nanotubes 14 may be
selected appropriately. For example, if the permeation of the
thermoplastic resin film 18 1s stopped at a depth where the
substrate 10 1s yet to be reached, 1t has an advantage that the
carbon nanotubes 14 and the thermoplastic resin film 18 can
be delaminated from the substrate 10 easier. Also, the heat
dissipation material 22 can be formed that has the terminal
parts of the carbon nanotubes 14 exposed from the filler
layer 20, which enables the carbon nanotubes 14 to make
direct contact with the heat dissipation material 22 when
attached to a heat dissipation element or a heating element,
and to reduce the contact thermal resistance. If adhesion of
thermoplastic resin film 18 to the substrate 10 1s low, the
thermoplastic resin film 18 may be permeated to reach the
substrate 10.

The depth of the permeation of the thermoplastic resin
film 18 into the gaps of the carbon nanotubes 14 can be
controlled by the heat application time. For example, for the
carbon nanotubes 14 grown to the length of 80 um under the
above conditions, the thermoplastic resin film 18 can be
permeated to a depth where the substrate 10 1s yet to be
reached by applying heat at 195° C. for one minute. It 1s
desirable to set the heat application time for the thermoplas-
tic resin film 18 appropriately depending on the length of the
carbon nanotubes 14, the viscosity of the thermoplastic resin
in a melted state, the film thickness of the thermoplastic
resin film 18, and the like so as to make the thermoplastic
resin film 18 permeate to a desired depth.

The amount of the filler material to be filled into the
carbon nanotubes 14 can be controlled by the sheet film
thickness of the thermoplastic resin film 18. By forming the
thermoplastic resin 1into a sheet-shaped form 1n advance, the
amount of the filler material can be controlled easier. Here,
although 1t 1s preferable to process the thermoplastic resin to
have a sheet-shaped form 1n advance, the form may be 1n a
pellet-shaped or rod-shaped form.

Next, after having the thermoplastic resin film 18 perme-
ated to a predetermined position, 1t 1s cooled down to room
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temperature to solidify the thermoplastic resin film 18. Thus,
the filler layer 20 1s formed by the thermoplastic resin of the

thermoplastic resin film 18 that fills up the gaps between the
carbon nanotubes 14 (FIG. 4B).

Next, the filler layer 20, in which the carbon nanotubes 14
having the coating films 16 formed are buried, 1s delami-
nated from the substrate 10 to complete the heat dissipation
material 22 according to the present embodiment (FIG. 4C).

As seen from the above, according to the present embodi-
ment, coating films of DLC are provided at terminal parts of
carbon nanotubes included 1n a heat dissipation material,
hence 1t 1s possible to reduce contact thermal resistance of
the heat dissipation material to an adherend such as a heating
clement, a heat dissipation element, or the like. Also, by
connecting the terminal parts of the multiple carbon nano-
tubes with each other by the coating films of DLC, it 1s
possible to improve heat conductivity 1n the lateral direction
and heat dissipation efliciency.

Second Embodiment

A heat dissipation material and its manufacturing method
will be described according to the second embodiment using
FIGS. 8-10. Substantially the same elements as 1n the heat
dissipation material and 1ts manufacturing method according
to the first embodiment illustrated in FIGS. 1-7 are assigned
the same numerical codes and their description may be
omitted or simplified.

FIG. 8 1s a general cross-sectional view 1llustrating a
structure of a heat dissipation matenial according to the
present embodiment. FIGS. 9A-9C and 10A-10C are pro-
cess cross-sectional views 1llustrating methods of manufac-
turing a heat dissipation material according to the present
embodiment.

First, the structure of the heat dissipation material will be
described according to the present embodiment using FIG.
8.

The heat dissipation material 22 includes multiple carbon
nanotubes 14 as 1llustrated 1n FIG. 8 according to the present
embodiment. At one terminal part of each of the multiple
carbon nanotubes 14, a coating film 16 of DLC 1s formed. At
the other terminal part of each of the multiple carbon
nanotubes 14, a coating film 26 of DLC 1s formed. Gaps
between the carbon nanotubes 14 having the coating films
16 and 26 formed are filled with the filler layer 20. These
clements form the sheet-shaped heat dissipation material 22.
The other terminal parts of the carbon nanotubes 14 having
the coating films 26 formed are exposed from the filler layer
20.

As seen from the above, the heat dissipation material 22
includes the carbon nanotubes 14 whose terminal parts both
have the coating films 16 and 26 formed, respectively,
according to the present embodiment. This can reduce
contact thermal resistance to an adherend on both surfaces of
the heat dissipation material 22.

Next, a method of manufacturing the heat dissipation
material 22 will be described according to the present
embodiment using the FIGS. 9A-9C and 10A-10C.

First, for example, multiple carbon nanotubes 14 and the
coating films 16 of DLC covering the terminal parts of the
carbon nanotubes 14 are formed on the substrate 10 1 a
similar way to the method of manufacturing the heat dissi-
pation material according to the first embodiment illustrated
in FIGS. 3A-3D (FIG. 9A).

Next, for example, similarly to the method of manufac-
turing the heat dissipation material according to the first
embodiment 1llustrated 1n FIGS. 4A-4B, a thermoplastic
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resin film 18 1s permeated into the carbon nanotubes 14 to
form a filler layer 20. At this moment, heat application time

1s adjusted appropriately to prevent the thermoplastic resin
film 18 from reaching the substrate 10 (FIG. 9B).

For example, “DA3251” adhesive made by Nogawa
Chemical Co., Ltd. (softening temperature of 135° C. to
165° C.) 1s processed to have a film-shaped form to obtain
a thermoplastic resin film 18, which 1s then placed onto the
carbon nanotubes 14 having the coating films 16 formed, for
five minutes of heat application with a reflow temperature of
150° C. This makes the thermoplastic resin film 18 permeate
into the carbon nanotubes 14 to a depth where the substrate
10 15 yet to be reached.

Next, the filler layer 20, 1n which the carbon nanotubes 14

having the coating films 16 formed are buried, 1s delami-

nated from the substrate 10 (FIG. 9C).
Next, the filler layer 20 delaminated from the substrate 10

1s attached to another substrate 24 so that the surface having
the filler layer 20 formed faces the substrate 24 (FIG. 10A).

Next, on the other terminal parts of the carbon nanotubes
14 delaminated from the substrate 10, the coating films 26
of DLC having the film thickness of, for example, 100 nm
are formed 1n a similar way to the method of forming the
coating films 16 (FIG. 10B).

At this moment, 1t 1s desirable to set the film forming
temperature for the coating films 26 at a temperature lower
than the softening temperature of thermoplastic resin that
torms the filler layer 20. If the film forming 1s performed at
a temperature hlgher than the softening temperature of the
thermoplastic resin, the thermoplastic resin will melt during,
the film forming, which makes 1t dithicult to keep the form
of the filler layer 20 and carbon nanotubes 14 unchanged. In
this regard, the coating films 26 of DLC can be formed
without changing the form of the filler layer 20 and carbon
nanotubes 14 because the film forming can be performed at
a comparatively low-temperature from room temperature to
300° C.

Here, 1n case of graphite, a film forming temperature over
600° C. 1s required, which makes 1t diflicult to form the
coating films 26 with graphite after forming the filler layer
20.

Next, the filler layer 20, 1n which the carbon nanotubes 14
whose terminal parts have the coating films 16 and 26
formed are buried, 1s delaminated from the substrate 24 to
complete the heat dissipation material 22 according to the
present embodiment (FIG. 10C).

As seen from above, according to the present embodi-
ment, coating films of DLC are provided at terminal parts of
carbon nanotubes included 1n a heat dissipation material,
hence 1t 1s possible to reduce contact thermal resistance of
the heat dissipation material to an adherend such as a heating
clement, a heat dissipation element, or the like. Also, by
connecting the terminal parts of the multiple carbon nano-
tubes with each other by the coating films of DLC, it 1s
possible to improve heat COIldllCthlty in the lateral direction
and heat dissipation etliciency.

Third E

Embodiment

A heat dissipation material and 1ts manufacturing method
will be described according to the third embodiment using,
FIGS. 11-12D.

Substantially the same elements as 1n the heat dissipation
material and 1ts manufacturing method according to the first
and second embodiments are assigned the same numerical
codes and their description may be omitted or simplified.
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FIG. 11 1s a general cross-sectional view illustrating a
structure of a heat dissipation material according to the
present embodiment. FIGS. 12A-12D are process cross-
sectional views illustrating a method of manufacturing a
heat dissipation material according to the present embodi-
ment.

First, the structure of the heat dissipation material will be
described according to the first embodiment using FIG. 11.

The heat dissipation material 22 includes multiple carbon
nanotubes 14 as illustrated in FIG. 11 according to the
present embodiment. At one terminal part of each of the
multiple carbon nanotubes 14, a coating film 16 of DLC 1s
formed. The surfaces of the carbon nanotubes 14 and the
coating films 16 have a coating film 28 formed uniformly.
Gaps between the carbon nanotubes 14 having the coating
films 16 and 28 formed are filled with the filler layer 20.
These elements form the sheet-shaped heat dissipation mate-
rial 22.

The coating film 28 1s a thin film having the film thickness
of 1 nm to 20 nm formed by an atomic layer deposition
(ALD) method, which covers the surfaces of the carbon
nanotubes 14 and coating films 16 uniformly.

By forming the coating film 28 to cover the surfaces of the
carbon nanotubes 14 and coating films 16, especially the
side surfaces of the carbon nanotubes 14, it 1s possible to
improve mechanical strength of the carbon nanotubes 14 1n
the vertical direction. This makes 1t possible to improve
resistance to compression load during assembly.

Materials of the coating film 28 are not specifically
limited, but an oxide material or a metal material may be
preferably used. Concrete examples include aluminum
oxide, titanium oxide, hafnium oxide, 1iron oxide, indium
oxide, lanthanum oxide, molybdenum oxide, niobium oxide,
nickel oxide, ruthenium oxide, silicon oxide, vanadium
oxide, tungsten oxide, yttrium oxide, zirconium oxide, man-
ganese, 1ron, cobalt, nickel, copper, silver, lanthanum, and
the like.

The film thickness of the coating film 28 depends on the
area density and length of the carbon nanotubes 14, which
may be preferably set to, for example, about 20 nm it the
area density of the carbon nanotube 14 is about 1x10™
tubes/cm”.

Next, a method of manufacturing the heat dissipation
material 22 will be described according to the present
embodiment using FIGS. 12A-12D.

First, for example, the multiple carbon nanotubes 14 and
the coating films 16 of DLC covering the terminal parts of
the carbon nanotubes 14 are formed on the substrate 10 1n a
similar way to the method of manufacturing the heat dissi-
pation material according to the first embodiment illustrated
in FIGS. 3A-3D (FIG. 12A).

Next, by an ALD method, the coating film 28 of alumi-
num oxide (Al,O;) having the film thickness of, for
example, 20 nm 1s formed on the surfaces of the carbon
nanotubes 14 having the coating films 16 formed (FIG.
12B). For example, a film of aluminum oxide with the film
thickness of 20 nm 1s obtained by performing the ALD
method for 200 cycles with trimethylaluminum (TMA) and
water (H,O) as raw maternial gas under conditions of film
forming temperature of 200° C. and total pressure of 0.5
MPa. By using the ALD method, 1t 1s possible to form the
coating film 28 having a uniform film thickness on the whole
surfaces of the carbon nanotubes 14 having the coating {ilm
16 formed.

Next, the filler layer 20 1s formed in gaps between the
carbon nanotubes having 14 the coating films 16 and 28
formed, for example, in a similar way to the method of
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manufacturing the heat dissipation material according to the
first embodiment illustrated in FIGS. 4A-4D (FIG. 12C).

Next, the filler layer 20, 1n which the carbon nanotubes 14
having the coating films 16 and 28 formed are buried, 1s
delaminated from the substrate 10 to complete the heat
dissipation material 22 according to the present embodiment
(FIG. 12D).

As seen from the above, according to the present embodi-
ment, coating films of DLC are provided at terminal parts of
carbon nanotubes included 1 a heat dissipation material,
hence 1t 1s possible to reduce contact thermal resistance of
the heat dissipation material to an adherend such as a heating,
clement, a heat dissipation element, or the like. Also, by
connecting the terminal parts of the multiple carbon nano-
tubes with each other by the coating films of DLC, 1t 1s
possible to improve heat conductivity 1n the lateral direction
and heat dissipation etliciency.

Also, by forming the coating film to cover the side
surfaces of the carbon nanotubes, it 1s possible to 1mprove
mechanical strength of the carbon nanotubes in the vertical
direction. This makes 1t possible to improve resistance to
compression loaded during assembly.

Fourth Embodiment

A heat dissipation material and i1ts manufacturing method
will be described according to the fourth embodiment using
FIGS. 14A-14D. Substantially the same elements as in the
heat dissipation material and 1ts manufacturing method
according to the first to third embodiments are assigned the
same numerical codes and their description may be omitted
or simplified.

FIG. 13 1s a general cross-sectional view illustrating a
structure of a heat dissipation material according to the
present embodiment. FIGS. 14A-14D are process cross-
sectional views 1llustrating a method of manufacturing a
heat dissipation material according to the present embodi-
ment.

First, the structure of the heat dissipation material will be
described according to the present embodiment using FIG.
13.

The heat dissipation matenial 22 includes multiple carbon
nanotubes 14 as illustrated 1n FIG. 13 according to the
present embodiment. The surfaces of the multiple carbon
nanotubes 14 have coating films 28 formed uniformly,
respectively. Terminal parts at one end of the multiple
carbon nanotube 14 having the coating films 28 formed have
coating films 16 of DLC formed. Gaps between the carbon
nanotubes 14 having the coating films 28 and 16 formed are
filled with the filler layer 20. These elements form the
sheet-shaped heat dissipation material 22.

According to the fourth embodiment, the coating film 28
1s formed after having the coating films 16 formed. Alter-
natively, the coating films 28 may be formed before having
the coating films 16 formed as according to the present
embodiment. Here, the forming method, forming material,
f1lm thickness and the like of the coating film 28 are the same
as 1n the third embodiment.

If emphasis 1s put on contact thermal resistance between
the carbon nanotubes 14 and the coating films 16 of DLC,
it 1s desirable to adopt the structure according to the third
embodiment, whereas 11 emphasis 1s put on water repellency
of DLC, it 1s desirable to adopt the structure according to the
present embodiment. Either one of the structures may be
selected appropriately depending on the objective and the

like.

10

15

20

25

30

35

40

45

50

55

60

65

14

Next, a method of manufacturing the heat dissipation
material 22 will be described according to the present

embodiment using FIGS. 14A-14D.

First, multiple carbon nanotubes 14 are formed on the
substrate 10, for example, 1n a similar way to the method of
manufacturing the heat dissipation material according to the
first embodiment illustrated in FIGS. 3A-3D.

Next, by an ALD method, the coating films 28 of alumi-
num oxide (Al,O;) having the film thickness of, for
example, 20 nm are formed on the surfaces of the carbon
nanotubes 14 (FIG. 14A). By using the ALD method, 1t 1s
possible to uniformly form the coating films 28 having a
uniform film thickness on the whole surfaces of the carbon
nanotubes 14.

Next, the coating films 16 of DLC are formed at the upper
terminal parts of the carbon nanotubes 14 having the coating
f1lms 28 formed, for example, in a similar way to the method
of manufacturing the heat dissipation material according to
the first embodiment 1llustrated 1n FIG. 3D (FIG. 14B).

Next, the filler layer 20 1s formed in gaps between the
carbon nanotubes 14 having the coating films 28 and 16
formed, for example, 1n a similar way to the method of
manufacturing the heat dissipation material according to the
first embodiment 1llustrated in FIGS. 4A-4D (FIG. 12C).

Next, the filler layer 20, in which the carbon nanotubes 14
having the coating films 28 and 16 formed are buried, 1s
delaminated from the substrate 10 to complete the heat
dissipation material 22 according to the present embodiment
(F1G. 14D).

As seen from the above, according to the present embodi-
ment, coating {ilms of DLC are provided at terminal parts of
carbon nanotubes included 1in a heat dissipation matenal,
hence 1t 1s possible to reduce contact thermal resistance of
the heat dissipation material to an adherend such as a heating
clement, a heat dissipation element, or the like. Also, by
connecting the terminal parts of the multiple carbon nano-
tubes with each other by the coating films of DLC, 1t 1s
possible to improve heat conductivity 1n the lateral direction
and heat dissipation efliciency.

Also, by forming the coating films to cover the side
surfaces of the carbon nanotubes, 1t 1s possible to 1improve
mechanical strength of the carbon nanotubes in the vertical
direction. This makes 1t possible to improve resistance to
compression load during assembly.

Fifth Embodiment

An electronic device and its manufacturing method will
be described according to the fifth embodiment using FIGS.
15-16D.

FIG. 15 1s a plan view illustrating a structure of the
clectronic device according to the present embodiment.
FIGS. 16 A-16D are process cross-sectional views illustrat-
ing a method of manufacturing the electronic device accord-
ing to the present embodiment.

The electronic device using a heat dissipation material 22
according to one of the first to fourth embodiments and 1ts
manufacturing method will be described according to the
present embodiment.

First, the structure of the electronic device will be
described according to the present embodiment using FIG.
15.

A circuit board 30 such as a multi-layer wiring board has
a semiconductor element 34 such as a CPU and the like
mounted. The semiconductor eclement 54 1s electrically
connected with the circuit board 50 via a projection-shaped
clectrode 52 such as a solder bump.
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The semiconductor element 54 has a heat spreader 56
formed above the semiconductor element 54 to be covered
by the heat spreader 56 for spreading heat from the semi-
conductor element 54. A heat dissipation maternial 22 as
described 1n one of the first to fourth embodiments 1s formed
between the semiconductor element 54 and the heat spreader
56. FIG. 15 illustrates an example that uses the heat dissi-
pation material 22 according to the first embodiment. The
heat spreader 56 1s bonded to the circuit board 50 with, for
example, an organic sealant 58.

As can be seen from the above, the electronic device
according to the present embodiment has the heat dissipation
material 22 provided between the semiconductor element 54
and the heat spreader 56, or between a heat generation
clement and a heat dissipation element, where the heat
dissipation material 22 1s as described 1n one of the first to
fourth embodiments.

As described above, the heat dissipation material 22 as
described 1n one of the first to fourth embodiments has the
carbon nanotubes 14 oriented 1n the film thickness direction
of the sheet, and has very high thermal conductivity 1n the
vertical direction. Also, one or both of the terminal parts of
the carbon nanotubes 14 have the coating films 16 of DLC
formed, which have extremely low contact thermal resis-
tance, and high heat dissipation efliciency.

Therelfore, by providing the heat dissipation material 22
according to one of the above embodiments between the
semiconductor element 54 and the heat spreader 36, 1t 1s
possible to conduct heat generated at the semiconductor
clement 54 to the heat spreader 56 ethciently, and to cool
down the semiconductor element 54 effectively. This makes
it possible to improve reliability of the electronic device.

Next, a method of manufacturing the electronic device
will be described according to the present embodiment using,
FIGS. 16A-16D.

First, the semiconductor element 54 1s mounted on the
circuit board 50 via the projection-shaped electrode 52 (FIG.
16A).

Also, the heat dissipation material 22 1s bonded to the heat
spreader 56 as a heat dissipation part (FIG. 16B). If a
thermoplastic resin matenal 1s used for a filler layer 20 of the
heat dissipation material 22, the heat dissipation material 22
1s placed on the heat spreader 56 to be heated or cooled
under pressure if necessary so that the heat dissipation
material 22 1s bonded to the heat spreader 56.

Here, when bonding the heat dissipation material 22 to the
heat spreader 56, 1t 1s desirable to provide the heat dissipa-
tion material 22 so that the surface having the coating films
16 and 26 formed is positioned opposed to the heat spreader
56. This 1s because by placing the heat dissipation material
22 so that the surface having the coating films 16 and 26
formed 1s oriented towards the heating element (semicon-
ductor element 54), heat from the heat dissipation element
can be propagated elliciently 1n the lateral direction, and heat
dissipation efliciency can be improved.

Next, an organic sealant 58 1s applied on the circuit board
50 having the semiconductor element 54 mounted to fix the
heat spreader 356, then the semiconductor element 54 1s
covered by the heat spreader 56 having the heat dissipation
material 22 bonded (FIG. 16C). Here, the heat dissipation
material 22 may not be bonded to the heat spreader 56 in
advance, and the semiconductor element 34 may be covered
by the heat spreader 56 1n a state having the heat dissipation
material 22 placed on the semiconductor element 54.

Next, heat 1s applied 1n a state where the heat spreader 58
1s loaded, reflow 1s applied to the filler layer 20 of the heat
dissipation material 22. If “Micromelt 6239 made by Hen-
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kel Japan Ltd. 1s used for the filler layer 20 of the heat
dissipation material 22, for example, heat 1s applied for 10

minutes, for example, under the load of 0.25 MPa, and at
195° C.

By applying the heat, the thermoplastic resin forming the
filler layer 20 of the carbon nanotube sheet 1s melted to be
in a liquid state, which deforms the heat dissipation material
22 along concavities and convexities on the surfaces of the
semiconductor element 54 and heat spreader 36. Also, the
carbon nanotubes 14 in the heat dissipation material 22
become less restricted by the filler layer 20, and the terminal
parts of the carbon nanotubes 14 come in contact with the
semiconductor element 54 and the heat spreader 56 directly.
At this moment, as the carbon nanotube 14 1s by nature a
plhiant and flexible material, the carbon nanotubes 14 can
bend following the concavities and convexities on the semi-
conductor element 34 and the heat spreader 56. This
increases the number of carbon nanotubes 14 directly con-
tacting the semiconductor element 54 and the heat spreader
56, which makes 1t possible to reduce contact thermal

resistance considerably between the heat dissipation mate-
rial 22 and the semiconductor element 54 or the heat

spreader 56. The terminal parts of the carbon nanotubes 14
having the coating films 16 and 26 of DLC formed will
become to have better contact with the semiconductor
clement 54 and the heat spreader 58 due to water repellency

of DLC.

The load at this moment may be within a range of load
with which the heat dissipation material 22 deforms along
the concavities and convexities existing on the surface of the
semiconductor element 34 and the heat spreader 56 to be 1n
a suflicient contact state. Also, the temperature and time of
heat application may be selected within a range so that the
thermoplastic resin existing at the interface between the
semiconductor element 54 and the heat spreader 56 can melt
and move, so that the terminal parts of the carbon nanotubes
14 form a surface directly contacting the semiconductor
clement 54 and the heat spreader 58.

Also, the heat dissipation material 22 including the carbon
nanotubes 14 whose surfaces have the coating films 28
formed has improved resistance to compression because the
mechanical strength of the carbon nanotubes 14 1s improved.
This makes 1t possible to reduce likelithood of characteristic
degradation of the heat dissipation material 22 that could
occur 1f the carbon nanotubes 14 buckle which disturbs the
orientation and reduces heat conductivity and the like.

Next, 1t 1s cooled down to room temperature to solidily
the thermoplastic resin of the filler layer 20 and to fix the
heat spreader 56 on the circuit board 50 by the organic
sealant 38. At this moment, the thermoplastic resin reveals
adhesiveness that makes the semiconductor element 34 and
the heat spreader 56 bonded and fixed by the heat dissipation
material 22. This makes it possible to maintain low contact
thermal resistance between the heat dissipation material 22
and the semiconductor element 54 or the heat spreader 56
alter having cooled down to room temperature.

As seen from the above, according to the present embodi-
ment, a heat dissipation material according to one of the first
to fourth embodiments 1s placed between the semiconductor
clement and the heat spreader, hence 1t 1s possible to
considerably improve thermal conductivity between these
clements. This makes 1t possible to improve heat dissipation
elliciency of heat generated by a semiconductor element and
to 1improve reliability of an electronic device.

Modified Embodiment

Embodiments are not limited to the above, but various
modifications are possible.
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For example, although the surfaces of the coating films 16
are covered by the filler layer 20 according to the first,
second and fourth embodiments, the surfaces of the coating
films 16 may be exposed from the filler layer 20. This can
be realized by appropnately setting the film thickness of the
thermoplastic resin sheet 18 if the filler layer 20 1s formed
using the thermoplastic resin sheet 18. If using another filler
material with a spin coat method or the like, it can be
realized by appropnately setting rotational speed of a spin
coater, viscosity of application liquid, and the like. Alterna-
tively, etching may be applied after having the filler layer 20
formed to make the surfaces of the coating film 16 exposed.

Also, although only terminal parts at one end of the
carbon nanotubes 14 have the coating films 16 formed
according to the third and fourth embodiments, both the
terminal parts of the carbon nanotubes 14 may have the
coating films 16 and 26 formed as in the second embodi-
ment.

Also, although a heat dissipation material using carbon
nanotubes 1s described as an example of linearly-structured
carbon atoms according to the above embodiments, linearly-
structured carbon atoms are not limited to carbon nanotubes.
Linearly-structured carbon atoms other than carbon nano-
tubes 1include carbon nanowires, carbon rods, carbon fiber,
and the like. These linearly-structured carbon atoms are
similar to carbon nanotubes except that the sizes are differ-
ent. It 1s possible to realize a heat dissipation material with
these linearly-structured carbon atoms.

Also, the structures, configuration materials, manufactur-
ing conditions, and the like of the heat dissipation material
and electronic device 1n the above embodiment are merely
described as examples, hence modifications and changes can
be made appropriately with technological practices and the
like of those skilled in the art.

Also, usage of a carbon nanotube sheet 1s not limited to
those described 1n the above embodiments. The disclosed
carbon nanotube sheet as a thermally-conductive sheet may
have applications including, for example, a heat dissipation
sheet of a CPU, a high-power output amplifier for a wireless
communication base station, a high-power output amplifier
for a wireless communication terminal, a high-power output
switch for an electric vehicle, a server, a personal computer,
and the like. Also, using a high permissible current density
characteristic of carbon nanotubes, it can be used in a
vertical wiring sheet and 1ts various applications.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without lmmitation to such specifically recited
examples and conditions, nor does the organization of such
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examples 1n the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, i1t should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What 15 claimed 1s:

1. An electronic device comprising:

a heating element;

a heat dissipation element; and

a heat dissipation material configured to be placed
between the heating element and the heat dissipation
element, and to include
a plurality of linearly-structured objects of carbon

atoms including a first terminal part and a second
terminal part,

a first diamond-like carbon layer configured to cover
the first terminal part of each of the plurality of
linearly-structured objects,

a coating film covering a side surface for the first
diamond-like carbon layer and the plurality of lin-
carly-structured objects, and

a filler layer configured to be permeated between the
plurality of linearly-structured objects.

2. The electronic device as claimed in claim 1, wherein
the first terminal parts of the plurality of linearly-structured
objects are connected with each other by the first diamond-
like carbon layers.

3. The electronic device as claimed 1n claim 1, further
comprising;

a second diamond-like carbon layer configured to cover
the second terminal part of each of the plurality of
linearly-structured objects.

4. The electronic device as claimed 1n claim 3, wherein
the second terminal parts of the plurality of linearly-struc-
tured objects are connected with each other by the second
diamond-like carbon layers.

5. The electronic device as claimed 1n claim 1, wherein
the first terminal part of each of the plurality of linearly-
structured objects covered by the first diamond-like carbon
layer 1s placed at a side close to the heating element.

6. The electronic device as claimed in claim 1, wherein

the first diamond-like carbon layer covers, for each of the
plurality of linearly-structured objects, the first terminal
part and a portion being adjacent to the first terminal
part; and

the coating film covers a surface of the first diamond-like
carbon layer, and a side surface of each of the plurality
of linearly-structured objects, which 1s not covered by
the first diamond-like carbon layer.
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